Introduction
The recent advances in diagnostic radiology and imaging studies have made these techniques an important part of the preoperative work-up of surgical patients. Today, most preoperative examinations are scheduled and performed on an outpatient basis. Most of these examinations are brief and cause no discomfort, but some are long and require immobility for a prolonged period. This presents a challenge for adults and is a virtual impossibility for young children. Other examinations can be painful or extremely uncomfortable and will require sedation/analgesia. In many institutions the anaesthesiologists have taken a lead role in providing an essential service to children undergoing radiological diagnostic and/or therapeutic procedures. This ranges from providing general anaesthesia, deep sedation, sedation analgesia, or supervising the provision of other types of sedation that is administered by the radiology staff. This paper will describe the anaesthesia/sedation service as performed at Children's National Medical Center (CNMC) in Washington, DC, USA, as an example of how a team approach can best utilise very scarce resources to best provide comfort to and ensure the safety of paediatric patients.
Magnetic Resonance Imaging (MRI)
MRI is the most common day surgery radiological procedure requiring anaesthesiologist involvement. Although the examination itself it painless, it requires total immobility for 30-90 minutes. The environment is cold, the magnet produces a very loud noise, and the child has to be placed inside a tube that can cause severe claustrophobia. At CNMC general anaesthesia and/or deep sedation are required in all children under 12 years of age, and in the majority of adolescents.
Anaesthesia in the MRI environment poses many unique challenges. The radiology suite is often remotely located, far away from the familiar operating room environment and the post-anaesthesia recovery areas (PACU). The anaesthesiologist is often alone and with no immediate availability of back up or help. The room is cold and the patient is inaccessible inside the tube of the magnet. The strong magnetic field disables normal anaesthesia monitoring equipment. The radiofrequency interferes with equipment and can cause burns if wires are crossed. The strong magnetic field poses a real risk: should ferromagnetic objects be unknowingly brought into the room, they can act as projectiles, causing patient and/or personnel injury.
The choice of anaesthetic/deep sedation techniques varies greatly among practitioners, and in different institutions. Some employ general inhalational anaesthesia with an endotracheal tube (ETT) or laryngeal mask airway (LMA). This mandates the use of an MRI-compatible anaesthesia machine that can be placed inside the scanning room. It is then imperative to ensure that all the add-on accessories to the machine are also MRI-compatible, and that nothing (e.g. a replacement ferromagnetic oxygen tank) has been placed on the machine inadvertently. This also applies to many of the items of airway equipment that we routinely use, such as laryngoscopes.
In many institutions where anaesthesiologists are not directly involved in MRI procedures, the radiologists or intensivists use drugs that they are familiar with, such as chloral hydrate given orally or per rectum, or intravenous pentobarbital. While these drugs are usually adequate, they are not consistently effective. Furthermore, they are associated with frequent patient movement, which results in delays or cancellations of the proposed study. Oversedation is a constant threat, and proper training and monitoring are essential to ensure the safety of the child.
At CNMC, propofol deep sedation is administered by members of the anaesthesiology department who are assisted by specifically trained sedation nurses. In most cases a brief period of general anaesthesia is started in an induction area outside the scanning room using inhalational N2O and sevoflurane until an intravenous line is established. In older children an IV can be started directly with the help of skin analgesia (e.g. EMLA ® cream or Synera ® patch), followed by an induction dose of propofol (1-2 mg/kg).
It is important to note that the Synera ® patch has a heating component that is ferromagnetic and should be removed before the patient is allowed into the magnet.
When sedation is maintained with propofol, most children will require an initial infusion rate of between 150-250 mcg/kg/min. Even with this dose most children will respond to mild stimulation (such as inserting foam ear plugs) by moving. Reports of children requiring an infusion rate of 75-100 mcg/kg/min are not reproducible in clinical practice, unless residual inhaled anaesthetics (e.g., halothane) are still present. Spontaneous ventilation is usually adequate in children with normal airway anatomy. A nasal cannula to supply supplemental oxygen (1-2 l/min) is routinely used, and the exhaled CO2 is continuously monitored. An ECG monitor is not routinely used because of the risk of overheating of the leads and wires if they cross, acting as antennae for the radiofrequency magnetic field, and the consequent risk of burns. The only exception is when a cardiac MRI is planned where synchronisation with heartbeat is essential.
Children with large adenotonsillar hypertrophy or those with impaired muscle tone may require careful positioning of their head and neck to keep the airway patent. Occasionally, the use of an oro-or nasopharyngeal airway (lubricated with 2% lidocaine jelly) may improve airflow through the pharynx. In some very difficult cases the use of an LMA may be required.
Many authors have tried using various adjuncts to reduce the dose of propofol that is needed to prevent movement. The use of a small bolus of ketamine (0.5-1 mg/kg) at the beginning of the scan can be very effective, and will not delay recovery time.
Propofol deep sedation, however, can easily progress into general anaesthesia. The practitioner must be constantly aware of that possibility, and be prepared, trained, and equipped to rescue the patient from general anaesthesia. Although there is much debate about who should be providing propofol sedation to children, it is the author's practice and opinion that propofol should be only administered by, or under the direct supervision of, an anaesthesiologist.
Alternatives to propofol have been introduced. Recent trials with intravenous dexmedetomidine have shown the drug to be effective in this situation, but it may be less predictable than propofol.
Computed Tomography (CT Scans)
Unlike MRI examination, CT scans today are extremely fast. Most healthy children can be sufficiently cooperative or easily comforted to undergo CT scans without sedation. The presence of a parent, warm blanket, recent feeding, etc. can be extremely helpful. Sometimes the use of minimal sedation techniques with rectal choral hydrate or midazolam is required. As always, attention to airway patency and monitoring of oxygen saturation and ventilation are essential.
If a study with intravenous contrast is planned then the use of topical analgesia to start an IV is warranted. Occasionally the use of oral contrast is required to perform an abdominal CT examination. This poses a great challenge to the management since a child who is given a large volume of oral contrast is, by definition, a child with a full stomach. Some anaesthesiologists will perform a rapid sequence intubation to secure the airway following ingestion of the contrast in these patients. At CNMC, these patients are anaesthetised first, usually by an inhalational technique, followed by insertion of an orogastric tube through which the contrast is slowly introduced into the GI system. The use of intravenous metoclopramide may hasten the movement of the contrast down the GI system, thus greatly reducing the waiting time for full viewing, which can otherwise be as long as 60-90 minutes.
Interventional radiology procedures
Traditionally, most invasive radiological procedures in children consist of variations of angiography. Nowadays, however, radiologists are involved in more diagnostic and therapeutic interventions that mandate deep sedation or, more commonly, general anaesthesia. This includes placement of peripherally-inserted central lines (PIC), placement of stents (e.g. ureteral) and drainage of fluid collections (e.g.perirenal or appendiceal).
Interventional neuro-radiological procedures can be performed electively on ambulatory patients or emergently on patients with acute pathology. Any invasive neuro-radiological (INR) procedure is painful and invariably requires general anaesthesia. It is important to have a clear understanding of the underlying pathology since the anaesthesiologist can, by controlling ventilation and or blood pressure, have considerable influence on regional blood flow and the quality of the examination. Sometimes the neuro-radiologist may need apnoeic periods for optimal imaging of studies and techniques. A rapid return of conscience is desirable at the end of these procedures. The child must remain calm, however, to avoid excessive movement or straining during recovery, which may increase the chance of bleeding or haematoma formation at the groin arterial puncture site.
Radiation therapy
Children undergoing radiation therapy must endure repeated, although brief, sessions where they must remain perfectly still, and then be able to recover quickly with minimal postoperative nausea and vomiting (PONV) so that their feeding routine is not greatly disrupted. Many children have indwelling central catheters such as Broviac or Hickman. In these cases the continuous infusion of propofol is ideal since it results in quick recovery with minimal sequelae. If these lines are not available, briefly inhaled anaesthetics with LMA insertion may be used.
The major challenge in these cases is that the anaesthesiologist cannot remain in the room with the patient during radiation. The use of one or two cameras to visualise the patients and monitoring devices are usually required.
Most of these patients can be treated on an ambulatory basis. Using the propofol technique and a central line the experience can be pleasant; feeding is not disrupted, and the children can actually gain weight despite several weeks of almost daily treatment sessions.
Patient evaluation
The pre-imaging evaluation of children should be similar to those undergoing other ambulatory surgical procedures. At CNMC, the patients are screened by the radiology sedation nurses via a telephone call 1-2 days prior to the scheduled procedure. On the day of imaging, the patient's history is again reviewed, a physical examination is performed, and the nil per os (NPO) status is confirmed. The information is reviewed in the context of the proposed study, with particular emphasis on potential risk factors such as airway abnormalities, difficult venous access, and a history of anaesthetic complications. The sedation/anaesthesia plan is explained to the parents and written informed consent is obtained from them.
Equipment and monitoring
When an anaesthesiology sedation service is an integral part of a radiology suite (e.g. MRI), anaesthesia equipment is always present in the anaesthesia induction area. However, because of the remoteness of the radiology suite, some specific personnel (anaesthesia technicians) must be assigned to maintain and restock this equipment daily. The need for MRI-compatible machines and monitors has already been discussed.
If the anaesthesiologist is required to work in an area that is not used daily for sedation, it is best to have a 'mobile' anaesthesia machine and cart available that has all the drugs, supplies and monitors needed, and that can be wheeled into the area and checked before the patient arrives. Because of the risk of hypothermia in the cold MRI area, special MRI-compatible heating pads should be used for small infants.
Standard monitoring of the paediatric patient in the radiology suite should be based on the ASA standards, and must include pulse oximetry and end-tidal CO2 monitoring. As previously mentioned, ECG is often omitted during MRI scanning. If the anaesthesiologist or the sedation nurse cannot remain in the room with the child, a glass window or a camera should be positioned to observe the child and monitors remotely.
In busy radiology suites, post-sedation recovery occurs in the same area with trained recovery nurses in attendance. Otherwise, children may need to be transferred to the general PACU area until they meet discharge criteria.
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